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Abstract
Background: Breast cancer is one of the major public health problems among women worldwide.
A number of epidemiological studies have been carried out to find the role of dietary fat and the
risk of breast cancer. The main objective of the present communication is to summarize the
evidence from various case-control and cohort studies on the consumption of fat and its subtypes
and their effect on the development of breast cancer.
Methods: A Pubmed search for literature on the consumption of dietary fat and risk of breast
cancer published from January 1990 through December 2003 was carried out.
Results:  Increased consumption of total fat and saturated fat were found to be positively
associated with the development of breast cancer. Even though an equivocal association was
observed for the consumption of total monounsaturated fatty acids (MUFA) and the risk of breast
cancer, there exists an inverse association in the case of oleic acid, the most abundant MUFA. A
moderate inverse association between consumption of n-3 fatty acids and breast cancer risk and a
moderate positive association between n-6 fatty acids and breast cancer risk were observed.
Conclusion: Even though all epidemiological studies do not provide a strong positive association
between the consumption of certain types of dietary fat and breast cancer risk, at least a moderate
association does seem to exist and this has a number of implications in view of the fact that breast
cancer is an increasing public health concern.
Background
Breast cancer is the most common malignancy amongst
women worldwide, constituting 10% of all cancers. It is
estimated that more than 1.1 million new breast cancer
cases occur worldwide annually representing over twenty
percent of malignancies in women [1]. Incidence rates of
breast cancer are approximately 90–130 per 100,000
women in developed countries and those in developing
countries are approximately ten to sixty per 100,000
women [1]. Several studies have been carried out to iden-
tify the risk factors for developing breast cancer. Studies of
reproductive factors suggest that nulliparity and late age at
first childbirth are the most consistent risk factors associ-
ated with breast cancer [2]. Certain dietary factors such as
a higher intake of fat and meat also seem to increase the
risk of breast cancer [3,4]. Fat is a macronutrient and is
considered to be a major source of calories or energy.
Although some fat in the diet is necessary, too much of fat
can lead to heart diseases, cancers, obesity and other
health problems. Numerous studies in women, using dif-
ferent study designs and in different geographical areas
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have been carried out in order to establish the relationship
of dietary fat to breast cancer risk.
The objective of the present communication is to summa-
rize evidence from various case-control and cohort studies
on the consumption of dietary fat and its sub-types [satu-
rated, monounsaturated (MUFA) and polyunsaturated
(PUFA) fatty acids] and their effect on the development of
breast cancer. The major sources of saturated fats are meat,
poultry, dairy products, eggs and some plant foods such as
coconut, coconut oil and palm oil [5]. High concentra-
tions of MUFA are found in vegetable oils and their traces
are also found in meat. Oleic acid, the most abundant
MUFA, is found in animal and vegetable oils. Oleic acid is
the major component of olive oil. PUFAs are classified
into two families – n-3 PUFAs and n-6 PUFAs. PUFAs are
mostly found in plants, fish and seafoods. Rich sources of
n-3 PUFA include mackerel, salmon, and albacore tuna
[6]. Types of n-3 fatty acids include eicosapentaenoic acid
(EPA; 20:5 n-3), docosahexaenoic acid (DHA; 22:6 n-3),
α-linolenic acid (18:3 n-3) and stearidonic acid (18:4 n-
3). EPA and DHA are present in fatty fish although it can
be obtained from enriched eggs [7]. N-6 fatty acids are
found in high concentration in corn oil, safflower oil, soy-
bean oil, sunflower oil and cottonseed oil. Types of n-6
fatty acids include linoleic acid (18:2 n-6), arachidonic
acid (20:4 n-6), docosapentaenoic acid (DPA; 22:5 n-6)
and γ-linolenic acid (18:3 n-6) [8].
Methods
A Pubmed search of the literature was carried out covering
studies conducted over a period of fourteen years (from
1990 to 2003) using keywords "dietary fat" and "risk" and
"breast cancer". The information on study design, country,
data collection method, study period, sample size, study
subjects, confounding variables, partition values used for
comparisons, odds ratio/relative risk and trend p-value (if
available) were obtained from the articles. Only case-con-
trol and cohort studies conducted among women were
considered for the present review. Reports from symposia,
genetic studies, survival/mortality studies of breast cancer
patients and all studies associated with breast cancer other
than dietary fat in women were excluded from the present
review.
Total dietary fat
Case-control studies
Of the seventeen case-control studies [6,9-24] that inves-
tigated the relation of total dietary fat with risk of breast
cancer, seven studies reported a significant positive associ-
ation between total fat intake and risk of breast cancer
[10,11,17-19,22,24]. The odds ratios (OR) of these stud-
ies ranged from 1.45 to 8.47 in the highest category of
total fat consumption. Significant dose-response relation-
ships between the increased consumption of total fat and
breast cancer risk were observed in four studies
[11,18,22,24]. Increased risk with border line significance
was found for the intake of fat meat in one study [OR =
1.18 (95% CI: 1.0–1.5) in the highest quartile of fat meat
intake] [17]. Non-significant increased risks were reported
in six studies [6,14,16,20,21,23]. Significant reduced risk
with a dose-response relationship was observed in one
study [12]. Three studies have shown no association
[9,13,15] (Additional file 1).
Cohort studies
Of the twenty cohort studies, which investigated the rela-
tionship between total dietary fat intake and breast cancer
risk, ten were based exclusively on post-menopausal
women [25-34]. Five studies showed significant positive
associations with dose-response relationships between
total fat and breast cancer risk [25,26,31,34,35]. The rela-
tive risks for these studies ranged from 1.15 to 3.47 in the
highest level of total fat consumption. Non-significant
positive associations between total fat and the risk of
breast cancer were observed in nine studies [30,32,33,36-
41]. Six studies found no association between the fat
intake and the risk of breast cancer [27-29,42-44] (Addi-
tional file 2).
Components of fat
Saturated fat
Case-control studies
Four studies out of the seventeen reviewed here found sig-
nificant positive associations with dose-response relation-
ships between saturated fat and breast cancer
[9,18,19,45]. The odds ratios for these studies ranged
from 1.90 to 2.38. Nine studies showed non-significant
increase in associations of saturated fat with the develop-
ment of breast cancer [12,14,16,21,23,46-48,66]. Four
studies reported no association between saturated fat and
breast cancer risk [6,15,49,50] (Additional file 1).
Cohort studies
Among the seventeen cohort studies, three reported posi-
tive associations with significant dose-response relation-
ships between the consumption of saturated fat and the
risk of breast cancer [26,36,41]. The relative risks for these
studies ranged from 1.13 to 1.47 in the highest level of sat-
urated fat consumption. Non-significant increased associ-
ations for breast cancer were found in eight studies [30-
33,37,38,40,51]. Six studies found no associations
between the consumption of saturated fat and the risk of
breast cancer [27,28,34,42,43,52] (Additional file 2).
Monounsaturated fat -Oleic acid
Case-control studies
Two studies of increased consumption of oleic acid (the
most abundant MUFA) [12,57] and four studies of
increased consumption of olive oil (a major componentWorld Journal of Surgical Oncology 2005, 3:45 http://www.wjso.com/content/3/1/45
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of oleic acid) [48,54-56] reported reduced risks of breast
cancer. No association was observed in one study for the
consumption of oleic acid [53] (Additional file 1).
Cohort studies
Some cohort studies found that increased consumption of
oleic acid reduced the risk of breast cancer but the associ-
ations were non-significant [32,33,43]. However, other
studies have shown no association [27,40] (Additional
file 2).
Total monounsaturated fat
Case-control studies
Contrary to the studies on oleic acid consumption, three
of the twelve case-control studies reported positive associ-
ations with a dose-response relationship between
increased consumption of total MUFA and the risk of
breast cancer [16,18,23]. The odds ratios for these studies
ranged from 1.04 to 1.89 in the highest level of MUFA
consumption. Non-significant increased associations for
higher consumption of MUFA were found in three studies
[6,21,23]. The rest of the studies reviewed reported no
association between MUFA consumption and subsequent
risk of breast cancer [14,15,46,48-50] (Additional file 1).
Cohort studies
Of the twelve studies that have been reviewed, three
showed significant positive associations with dose-
response relationships for increased intake of MUFA and
the risk of breast cancer [34,37,38]. The relative risks for
these studies ranged from 1.72 to 2.01 in the highest level
of MUFA consumption. Five studies reported non-signifi-
cant increased breast cancer risk [28,30,31,36,51]. Three
studies showed inverse associations with significant dose-
response relationships between the higher intake of
MUFA and the risk of breast cancer [33,42,52]. The rela-
tive risks of these studies varied from 0.61 to 0.94. No sig-
nificant association between the consumption of MUFA
and breast cancer was found in one study [41] (Additional
file 2).
Total polyunsaturated fat
Case-control studies
Six studies out of fourteen reported a significantly reduced
breast cancer risk with increased PUFA consumption
[12,15,45,48,57,66]. The odds ratios for these studies
ranged from 0.39 to 0.70 in the highest category of PUFA
consumption. Decreased breast cancer risk with signifi-
cant dose response patterns was reported for high con-
sumption of PUFA in three studies [12,15,57]. No
associations were found between PUFA intake and risk of
breast cancer in eight studies [6,14,16,18,21,23,46,49]
(Additional file 1).
Cohort studies
Contrary to the results based on case-control studies, three
out of eleven cohort studies reported significant positive
associations with dose-response relationship between the
increased consumption of PUFA and the risk of breast
cancer [30,34,52]. The relative risks of these studies
ranged from 1.49 to 3.02. Four studies reported non-sig-
nificant increased risks associated with increased PUFA
consumption [28,31,36,38]. Four studies reported no
association between the consumption of PUFA and risk of
breast cancer [33,41,42,51] (Additional file 2).
n-3 fatty acids
Case-control studies
One study of n-3 fatty acids [58] and another study of
DHA reported significantly reduced risks for breast cancer
[59] (Additional file 1). A significantly reduced breast can-
cer risk with a dose-response relationship was observed in
one study for the increased consumption of DHA (n-3
fatty acid) [59]. Two studies of consumption of alpha-
linolenic acid showed inverse association with a signifi-
cant dose-response relationship [50,59]. One study of
EPA (n-3 fatty acid) showed an inverse association [58].
No association was observed in other studies for the
increased consumption of n-3 fatty acids [6,16,53,55]
with the development of breast cancer (Additional file 1).
Cohort studies
Significantly reduced risk of breast cancer was observed in
one study for increased consumption of n-3 fatty acids
(RR = 0.72 in the highest quartile of intake) [28]. Contrary
to the above result, a Swedish cohort study among post-
menopausal women reported a significantly increased
breast cancer risk with dose-response relationship [34].
The other studies showed no associations for breast cancer
incidence on the consumption of n-3 fatty acids [36,51],
DHA [33] and EPA [33,51] (Additional file 2).
n-6 fatty acids
Case-control studies
One study from France of linoleic acid (n-6 fatty acid)
consumption reported a highly significant increased
breast cancer risk (OR = 2.31 in the highest category of
consumption of linoleic acid) [59]. Two studies of n-6
fatty acids reported non-significant increased breast can-
cer risks [55,58]. No associations were observed for the
consumption of n-6 fatty acids [50,53,59] with the devel-
opment of breast cancer (Additional file 1).
Cohort studies
One study conducted in Sweden among postmenopausal
women reported a significantly increased breast cancer
risk with dose-response relationship on the consumption
of n-6 fatty acids [OR = 3.02 (95% CI: 1.78–5.13) in the
highest quintile] [34]. Non-significant increased breastWorld Journal of Surgical Oncology 2005, 3:45 http://www.wjso.com/content/3/1/45
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cancer risks were observed with increased consumption of
n-6 fatty acids [28] and linoleic acid (n-6 fatty acid)
[31,33]. A few studies found no risk of breast cancer with
the consumption of linoleic acid [27,32,40,43] and ara-
chidonic acid (n-6 fatty acid) [33] (Additional file 2).
Discussion
Most of the case-control studies discussed here have
shown increased breast cancer risk with increased total fat
consumption. However, results of cohort studies did not
offer the same degree of consistent support.
Case-control and cohort studies share some strengths and
limitations. The primary advantages are the ability to
measure diet and potential confounding factors relatively
accurately and uniformly at the individual level in both
the types of study designs. Also, the subjects in most of the
studies were generally drawn from a relatively uniform
population. Despite these advantages, there remains a
number of limitations common to both case-control and
cohort studies.
As fat intake is estimated by food frequency questionnaire
(FFQ) in most of the studies discussed in the present
review, there remains a certain amount of measurement
error in such procedures. Non-differential random meas-
urement error (i.e. independent of case or non-case sta-
tus) in estimated fat intake might bias estimated risks
toward the null and concurrent measurement error in
potential confounding variables (e.g., other sources of
energy intake) could bias results in either direction. Only
a few studies mentioned about validated FFQ
[6,14,24,28,33,53,66]. Non-validated questionnaire for
collecting the dietary information might also affect the
reliability of study results. Another important limitation
identified by the present review is that most of the studies
are generally conducted in a relatively homogenous pop-
ulation; hence the range of fat intake and the power of the
study to detect a true association is restricted. Due to the
lack of a definitive biologic mechanism and the lack of
information on the relevant timing of exposure, it is pos-
sible that case-control and cohort studies are measuring
diet at the wrong point in time; this again might attenuate
the observed risk in any particular study.
The main contrast between case-control and cohort stud-
ies lies in their differing potential for bias and in the
resources required. Selection bias would occur if participa-
tion in a case-control study was correlated with fat intake
and if cases and controls have different participation rates.
In many of the case-control studies discussed here, partic-
ularly those conducted in highly industrialized popula-
tions such as the United States, there is often a substantial
refusal to participate, particularly among control subjects,
and it is possible that there is preferential participation by
health-conscious individuals, who might have a relatively
low fat intake. Such a phenomenon might introduce an
artificial positive association between fat intake and breast
cancer risk. Recall bias might occur since cases are inter-
viewed after diagnosis and might report their past diet dif-
ferently to control subjects. In particular, they could
report their diets more accurately through better motiva-
tion, or conversely, they could report an over inflated fat
consumption if aware of the postulated association
between fat intake and breast cancer risk.
Since there are many limitations associated with case-con-
trol studies, the results from the cohort studies can be con-
sidered more authentic. Cohort studies assessing the
relationship between total dietary fat and risk of breast
cancer have been used since the late 1980's as an alterna-
tive to the inconsistent findings of the case-control stud-
ies. These are normally considered free of the most
common biases that potentially affect case-control studies
such as selection and information bias.
Even though most of the cohort studies failed to find an
association between total dietary fat intake and breast can-
cer risk, some studies reported a significant positive asso-
ciation with dose-response relationship [25,26,31,34,35].
The failure of cohort studies to show a consistent and a
strong relationship may be attributed to the difficulty in
collecting accurate dietary information. The methodolog-
ical limitations associated with the study designs and
inaccuracies in the measurement of fat may have obscured
any relationship between fat and breast cancer that might
exist.
When we consider the components of fat, saturated fat,
the unhealthiest out of all the types of fat, when con-
sumed in large amounts increases the risk of breast cancer.
In the present review, several case-control studies have
shown positive association with breast cancer risk
[9,18,19,45]. However, there are only a few cohort studies
[26,36,41] reported statistically significant increased
breast cancer risk with increased saturated fat consump-
tion.
Monounsaturated fats (MUFA) are considered as 'non-
essential' because they can be synthesized within our bod-
ies, from foods and oils such as oleic acid and olive oil.
Even though a few studies showed a positive correlation
between MUFA and breast cancer [16,18,34,37], most of
the studies reviewed here have shown that oleic acid
including olive oil has an inverse relationship with breast
cancer [12,16,18,33,34,37]. Many previous epidemiolog-
ical studies have pointed out the preventive properties of
olive oil due to its high content of oleic acid [56,60,61].World Journal of Surgical Oncology 2005, 3:45 http://www.wjso.com/content/3/1/45
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In the present review on polyunsaturated fatty acids, we
focused mainly on n-6 and n-3 families. Various studies
have analyzed the possible relation of (n-3)/(n-6) PUFA
ratio and the possible role that it may play in the risk of
breast cancer [6,58]. Most of the studies reviewed have
shown that a higher (n-3)/(n-6) PUFA ratio may reduce
the risk of breast cancer [6,58,59,62]. Some studies, how-
ever, found results which suggests that high intake of
monounsaturated fatty acids, n-3 fatty acids and n-6 fatty
acids were related to lower risk [63] and the same study,
which primarily investigated the role of recall bias, found
no relation between PUFA and breast cancer risk.
Boyd and others [4] carried out a meta analysis of all pub-
lished studies up to July 2003. They found that 14 cohort
and 31 case-control studies gave similar results and sug-
gested that total and saturated fat intake are positively
associated with increased risk of breast cancer. Saadatian-
Elahi and others [64] analyzed 3 cohort and 7 case-con-
trol studies including 2,031 cases and 2,334 controls and
concluded that n-3 PUFA had a protective effect and total
MUFA and oleic acid levels were significantly associated
with an increase of breast cancer risk. In a pooled analysis,
Hunter and others [65] gathered information about 4,980
cases from studies including 337,819 women and found
that there was no evidence of association between total
dietary fat intake and the risk of breast cancer. The meta-
analytical studies arrived at a conclusion similar to the
present review and suggest that certain dietary fats are
associated with breast cancer risk. Only Hunter et al, [65]
have differed in that they found no association. Prentice
and Sheppard [83] have, in fact, concluded that 50%
reduction of dietary fat from current USA consumption
levels would result in a 2.5 fold reduced risk of breast can-
cer among postmenopausal women.
Previously published review papers reported increased
risk of breast cancer with the increased consumption of
total dietary fat [68,69,71-75]; saturated fat [69,76-79]
and moderately decreased association with oleic acid and
monounsaturated fatty acids [67,70,80,81]. These results
are consistent with our present review except for an equiv-
ocal association observed in the case of monounsaturated
fatty acids. A few reviews have shown no association of
various types of fat with the etiology of breast cancer
[76,82]. Previous epidemiologic evidence provides little
support for any important relation between intake of
either linoleic acid (n-6 fatty acid) or n-3 fatty acids and
risk of breast cancer [67] as against a moderate inverse
association between the increased consumption of n-3
fatty acids and the risk of breast cancer and a moderate
positive association between the increased consumption
of n-6 fatty acids and the risk of breast cancer.
Conclusion
Considering the totality of epidemiologic evidence, it is
reasonable to conclude that a positive association exists
between total dietary fat intake and breast cancer risk,
even though all epidemiological studies do not provide a
strong association between consumption of dietary fat
and breast cancer risk. Also, increased consumption of sat-
urated fat is positively associated with the development of
breast cancer. There exists an inverse association of breast
cancer risk with the consumption of oleic acid. A moder-
ate inverse association between breast cancer risk and the
consumption of n-3 fatty acids and a moderate positive
association between n-6 fatty acids and breast cancer risk
were also observed. These have lot of implications in view
of the fact that breast cancer is a growing public health
problem.
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